This study compares regional differences in benthic diatom communities exposed to similar stresses in Canada and Portugal. Diatoms were sampled in the Água Forte Stream, Aljustrel (SW Portugal) and in the Little River, New Brunswick (SE Canada), both streams surround the respective zinc mine and are subject to similar metal (e.g. Cd, Cu, Fe, Zn) and acidic (Água Forte pH ¼ 1.9-2.9 vs.
INTRODUCTION
Two geographically and climatically distinct rivers in similar mining areas were studied, one located in Aljustrel, Alentejo (south-west Portugal) and a second in Bathurst, New Brunswick (south-east Canada). The mining complex of Aljustrel is located in the Portuguese part of the Iberian Pyrite Belt (IPB). This geological unit corresponds to an area of Devonian-Carboniferous volcanic and sedimentary rocks containing massive sulphide deposits, with Zn-Cu being the primary metals extracted. Some ores and sulphides can be deposited as a result of the extraction process. Oxidation of sulphurous ore bodies can result in acid leakages and highly contaminated acid mine drainage (AMD). AMD formation is due to the oxidation of thiosalts that are formed by the incomplete oxidation of sulphides which can be further oxidized to form sulphate minerals and hydrogen ions in the water. These processes can mobilize trace metals such as As, Cd, Cu, Pb and Zn, and have been shown to affect streams surrounding the Aljustrel-Alentejo mining complex (e.g. Cánovas et al. ) .
In SE Canada, the Brunswick zinc mine, located near the city of Bathurst in the Canadian province of New Brunswick, is also a massive deposit of sulphide minerals (Zn-Pb-Cu) and this zinc deposit is part of a similar geological formation to that found in Aljustrel (Devonian-Carboniferous). In the Little River, water quality is also periodically characterized by low pH conditions downstream of the mine (pH <4; personal observation), again due to AMD formation. Both mining concerns use instream lime addition as a remediation procedure for acidity excess. Therefore, both of these stream systems, despite geographic separation, face the same stressors but not to the same extent. Both streams are routinely subject to high concentrations of metals such as As, Cd, Cu, Pb and Zn owing to the increased solubility of these metals in acidic water Similarly, algal communities have a negative relationship to acidification whereby increased acidity results in decreased taxa richness (e.g. Findlay ). Unfortunately, separating the effects of the combined stress of metals and acidity has been difficult to establish in the field because metal contamination is frequently associated with acidic environments (Dixit et al. ) . The lowering of pH is caused by the oxidation of metallic sulphides and further, late successional species appear to be more sensitive to metals than their upstream counterparts (Medley & Clements ) .
The objective of this study was to evaluate the effects of AMD on diatom communities in rivers of continental (Canada) and Mediterranean (Portugal) climates, testing the possibility of using the same biological metal assessment method in these two systems. This purpose will be attained by characterizing and comparing the water chemistry in the Água Forte Stream and Little River with communities growing along a metal pollution-pH-conductivity gradient. It might be reasonably expected that AMD effects decline with increasing distance from the mining source.
This type of study has been done in the Água Forte Stream (e.g. Luís et al. , ); however, it was a new approach in the Little River where only one previous diatom study has been conducted in New Brunswick (Besch et al. ) but not specifically in the streams surrounding Brunswick Mine. To our knowledge, a comparative study of this kind in such different geographic and climatic areas has never been done before. Evaluating the combined effects of different gradients of metals and acidification in the field is critical to the development of pertinent biomonitoring irrespective of regional differences in taxa, climate and environmental regulation.
THE STUDY AREA Aljustrel Mine: Portugal
Located in the Alentejo province ( Figure 1) 
rocks (Mine Sites ). Brunswick Mine opened in 1964
and continues to be one of the world's largest zinc producers (on average milling 10,500 tonnes of ore per day). Prior to 1993, all mine water and process water was treated by lime addition followed by precipitation in sludge ponds. In 1993, a state-of-the-art high density sludge (HDS) ETP (effluent treatment plant) was constructed, using a series of surface ponds to increase retention time of water, allowing for more thiosulphate degradation and improved metal removal. However, current pH levels in the Little River system continue to be influenced by the oxidation of thiosalts, which are frequently present in the treated effluent (Mine Sites ).
METHODS

Sampling methods
Surficial waters
Sampling was carried out in April 2008 in Água Forte Samples analysed for dissolved metals, cations and anions (dissolved phase), were first filtered using a 0.45 μm Millipore membrane filter then were preserved in ultra-pure nitric acid (samples acidified to pH < 2) to avoid metals precipitation (dissolved phase).
Diatom communities
The available substrates for sampling differed between 
Analytical techniques
Chemical analyses of surficial waters
The chemical analysis of surface water samples was carried out using inductively coupled plasma-mass spectrometry (ICP-MS) for As, Cd, Cu, Fe, Mn, Ni, Pb and Zn and ion chromatography for SO 4 2À . A rigorous quality control programme was implemented during water chemical analysis which included reagent blanks, duplicate samples and certified reference materials (STANDARD WASTWATRA6).
The samples from Água Forte Stream were tested at ACME (ACME Analytical ISO 9002 Accredited Lab, Canada) and those from Little River were done at the National Laboratory of Environmental Testing (NLET).
Both laboratories are located in Canada.
Diatom treatment
The live samples were examined in each set in order to exclude dead diatoms to avoid errors in the estimation of abundances. From the second sample, an aliquot was chemically treated, using HNO 3 (65%) and potassium dichromate 
where s is the number of species, n i is the number of specimens of species i, and N is the total number of specimens.
RESULTS
Surficial waters
According to the results shown in Table 1 , both streams were acidic, but pH was lower in the Água Forte Stream, varying from 1.9 (AF1) to 2.9 (AF3). In the Little River, pH varied from 2.2 (LR3) to 5.5 (LR4 A quantitative analysis of the diatom data using PERMANOVA found the two geographical groups, Canada and Portugal, to be statistically different (Pseudo-F ¼ 3.9134, p < 0.05, df ¼ 1).
In Figure 4 In Figure 5 the pH gradient (significant correlation of pH with axis 3: À0.7613 (see also Teratological forms of E. exigua were found (consistent with previous observations), which may be an indicator of metal stress because frustule deformations (in this study: 
CONCLUSIONS
This is an exploratory study that compares two river systems exposed to the same geological and mining impacts in different geographic, climatic and regulatory contexts. Regional differences in riverine diatom communities exposed to pH/metal stresses in both Canada and Portugal were seen, but with much higher metal concentrations and lower pH found in the Água Forte Stream. Using the same biological metal assessment method in the two systems, regional differences in concentrations of metals, conductivity and pH as the primary drivers of benthic diatom community structure were found, despite the obvious geographic and climatic differences between sites. The most abundant species at any given site (e.g. Pinnularia aljustrelica, Eunotia exigua)
were those whose characteristics made them well-adapted to the surrounding biotic and abiotic factors. As a stress sign, teratological forms (deformed valves) of E. exigua were found.
Numerous studies have shown that diatoms are excel- shown that diatoms can also be consistent indicators between continents and climatic regions. Therefore, the potential exists for global indicators using diatom diversity and tolerant taxa, respectively, although there are many challenges to consider before this approach is universally applied (e.g. Lavoie et al. ) . Finally, this floristic survey is a useful basis for future studies on the conditions of geographically and climatically distinct zinc mining areas and suggests that further examination of patterns between regions exposed to similar stressors is warranted.
